
.
,,

u

1

1.

m
r-o
CA
4

- —.. —

FOR AERONAUTICS

TESTS

TECHNICAL NOTE

No. 1791

OF A HEATED WING

EXHAUST -GAS-AIR MIXTURE FOR ICE

By George H. Holdaway

UTILIZING

Am@% Aeronautical Laboratory,
Moffeti Field, Calif. -

w!!!

PREVENTION

Washington

L

---

—. . . ,—.a ._ -.. . . . --------- ------------ -, .,- .- ..>..- .-. + -_ .,. . . . ,..,..__ .

2

._ .-—,,, .< ,..,



TECH LIBRARY KAFB, NM

WU’IONAL Al%tSCRY COlMD5Ell FOR AERONAUTICS

TECHNICAZNOTENO. 1791

..

I
,

COKROSIOTJTJ3SI’SOF A HEATED WING UL’lTJZ13WAN

InHmsr-G~ MIXTURE FQR ICE J%EWNI’IOIV

llyGeorge H. Hddaway

)suMMARY

An investigationhas been mile of the extent of corrosive attack
in an aluminum alloy wing employing an exhaust-gas-airmixture as a
heating medium for ioe prevention. ‘I’heheated mixture was supplied
to the wing during 45 hours of flight operations amd 100 hours of
intermittent ground testing. ‘Sectionsof the wing interior were
painted so a comparison could be obtainpd between the rates of corrb
sion in these regions with unpainted gections.

There were no cases of structurally serious corrosion on either
painted or plain specimens removed from the wing for detailed micro-
scopic and metallurgical examination. Ihmerous, -, mrrosion
splotches were detected in the regions of the wing interior protected
with only one coat of zinc+hroute primer, but very few spots of

. corrosion were located in the sections covered with the primer plus
one coat of my one of three selected corrosiO*resistant paints.

INTRODUCTION

Eztensive flight tests by the NAC!A(references1, 2, 3, and4)
haveestablished the practicabill$y of utilizing a portion of the
available heat in the engine exhaust gases for the prevention of the
accrdfon of ice on airplane wings, tail surfaces, and windshields.
33 most of the therml it-prevention ins@llations designed and
tested by the NACA, the required heat is removed from the efiust
@see through heat exchangers by a quantity of inducted free+tmeam
air, which is then Mrected to the area to be protected. A visual
and metallurgical exandnation of the wing of the airplane of refer.
ence 4, after 225 hours of operation, indicated that the etint of
corrosion in a therml ice-prevention system in which fre~tream
air is heated and then circulated in the wing interior is negligible.
(See reference 5.)
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2 l?ACA‘TNlb.

The use of a mixlnzreof exhaust gas and free-stream &dr as the
heating medium in a thermal ice-prevention system has advantages
in weight, reliability, and simplicity,when compared to systems
utilizing heat exchangers. The major faotor which has delayed the
ameptanoe of this t~e of heating system is the uncertainty regard-
ing the amount of corrosive aotion which would oocur in the interior
of the airplane struoture.

The present investigationwas undertaken to supply information
on the extent of corrosion in a representative exhaus~lr–
mixhn?e wing heating system, and to pro’dde a relative comparison of
the oorrosion inhibiting qualities of several protective coatings
for the wing interior. The scope of the investigation consisted of
(1) the thermal design of the wing to establish mixture flow rates
which would be representative of those aotually re@red for ice

$)

evention, (2) a check of the therml performamoe of the system,
3 the opration of the system for extended ~eriods of time with

~eriodic visual inspections of the wing interior, and (4)a final
visual and metallurgical examination of the wing struoture.

Appreciation is extended to the National Bureau of Stemdsrds
for their valuable service in conducting ad. discussing the metal-
lurgical exmdnations of the wing specimens as reported herein.

The experimental ~ was installed snd tested on a light trsns-
port airplane with two t~ical air-cooled radial 450 horsepower engines .
and is shown W figure 1.

.
The thermal ice-prevention systems of references 1, 2, 3, and

4, andmost subsequent systems, incorporate a doubl~kin configura-
tion with the ironerskin extending to approximately 10 to 15 percent
of the chord. The heated air passes through the gap between the two
skins and then circulates at remiom (except in the case of integral
fuel tanks) through the wing or empennage interior and disclmrges
to the free streem at the flay or control surfaoe slots. This
systemndd be particularly conduoive to corrosion if utilized with
an exhaust+ga=ti mtrture because of the many stagnant areas aft of
the doubl~kin region where the mkrture could cool until condensa-
tion of mrrosive aoids occurred, For the wing used in this inves-
tigation, therefore, the single=pass spanwissflow arrangement shown
in figure 2 was selected.

The wing leading edge forward of ls.>peroent chord was divided
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IWJA ~ MO. 179 3-

into five spanwise ducts extetiing from station 132to 276.
The duct boundsmies were formed by the outer skin, the continuous
spanwise Z-sections supporting the skin, and a thin continuous sheet
(pan section In fig. 2) attached to the nose rib flanges. This
design ap~eared to be prefemed froma corrosion standyoint~since
only the outer skin had to be removed to permit ins~ection or
replacement of all.parts exposed to the heating medium AU compo%
ents of the wing structure were tie of aluminum clad 24911aluminum
alloy and were anodized. The exbaust+ja~ir mixture was provided
by discharging exhaust gas along the center llne of an air duct, the
forward end of which was exposed to the slipstream dynamic pressure.
At station 276thefivespanwise ducts discharged into a common duct
along the win@ip leading edge and thence to free stream.

Design Criteria

The ice-prevention design was based
forward of the 13-percentihord point at
above ambient air during flight in clear

on tiintainfng the wing skin
a temperature of 100° 1?
air at the normal cruise

condition. Although a ;ubsequent investigation (reference 6) has
provided.a more rational design basis for heated wings, a reanalysis
of the system did not appear to be @tified, because the empirical
basis of a 100° 1?surface-temperaturerise has proved satisfactory
for other designs o~erating under similar flight conditions (refer-
ences 1, 2, 3, and4). The airplane ctise conditions selected for
the design calculations were ~000 feet pressure altitude, 170 miles
~er hour true airspeed, and 0° F artibien=ti temperature. Two design
lhdtations were: Ftist, the ram air pressure, plus whatever was
gained from the eJecto~er, was to be adequate to circulate the
mixtwe through the wing duct system; and, second, the temperature
of the mixture should not be greater than 300° F because hider
temperatures might decrease the corrosion resistance of the clad
24ST ahminumalloy. (See reference 5.)

Design Procedure

The design procedure consisted of calculating the cross-
sectlonel areas of the five ducts and the mixture flow rate in each
duct to provide the required surface-temperaturerise without exceed-
ing the all.owablepressure drop. Since design procedures are well
established (references 6, 7, 8, and9) the detailed calculations for
this system are not presented. Calculations indicated that the
destied mixture temperature of 300° F wouldbe obtained by utilizing
the exhaust gas from only two cylinders. This would result in an

.——. _ __ - _ _- ——-—. —— ..-— —.— ______ _... .
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exhaus~~ir ratio of alout 1 to ~ by weight. Resulting oalcw
*

lated surface-temperaturerices, mixbure flow rates, mtrhxre ten+
peratures and
f3tdim 132,

cros~ectional. &eae for the five du&s at spanwise
204, and 276are listed in table I.

Flight conditions of altitude, airspeed, and aoibientiir te~
perature were recorded with standard NACA research instruments.
Temperature and pressure instrumentationwas provided to measure
w~urface temperatures and mirture temperatures, dew yoints and
flow rates. The wing titrumentation was the same for %oth flight
and ground tests.

The instrumentationfor the temperature measurements was
identical for each spanwiie duct and was repeated at wing stations
136, 200, d 272. The installation of the instrumentation at the
exact wing stations used h the design was not practical. “Surface
temperatures were obtained through the use of ir~onstantan
thermocouples,0.002 inch thickOcemented to the outer surface of the
le~dge skin. Unshielded iror+constantanthermocouples,
supported by smaIl copper tubing, were centered in each duct at each
wing station to measure the temperature of the mixture.

All.temperatures were indicated by a self-balemcing indicating
potentiometer connected to the thermocouples through a selector
mcttch and were recorded manually. The potentiometer was checked
before and after the tsking of edh set of temperate data with a
calibrated thermocouple maintained at 32° F. An estimted ove?+ald.
error in the temperature measurements of @ F was based pr5marily
upon installation errcu-<

To measure the dew-point temperate of the exhaue&gas-air
mixture, a Iortion @ the mixture from the nin supply duct was
ducted to the airplane caldn and passed through a sealed lox conta-
ing wet- and dry~ulb thermmeters. The presence of smll quantities
of vapor other than water could cause some error in the indication of
the wetiulb thermometer, lut tlds error was considered to be
negligible due to the preponderance of the water vapor.

Rressure Instrumentation in the wing oonsisted of tota&p+essure
proles located in the center of each duct at wing stations 134 and
270, and static pressure orifices In each duct at station 270. The
pressures were recorded.by photographing a manometer loardo

~—...-— . . . ~._ .— _ --. —-— —.- .—.T- ..-7-;-. ,.- -,—,—- ---- ,,
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Mlxlmre flowrates were measured by meems of static orifices
and total-pressure probes at station 270 which were calibrated with
a 2-inch orifice meter. During calibration, air was supplied from a
blower to only one duct at a time. Means for varying the flow rate
in eaoh duct was provided by a smll adjustable tab in each duct .at
wing station 276.

TEsrsm Iamlucs

Preliminary Test&

Due to the large nuniberof orgadc finishes available as pre
tective matings, some initial tests were made to eliminate the less
suitable ones. These tests consisted of repeatedly heating painted
samples of 2@I’ aluminum alloy to various temperatures up to 300° F
and then immmsing them in exhaust+ym condensate. Three f~shes
were seleoted which showed no deterioration during the tests other
than slight dulling or discoloration. The selected finishes A, B,
and C are defined as follows:

L Oilmcdified phthalic -d varnish,clear

B. Heat-resistant varnish, light amber color, composition not
furnished by manufacturer

C. Hea*resistant enamel, glyceryl phthalate, black,
AIQ=TT+501

Figure 3 shows the location of the sectiom painted on the inner
surfaoe of the lead~dge skin. The painted skin and pan seotion
faming the wing ducts are shown prior to installation on the wing
in figures 4 and5.

The duct surfaces were ~epsred emd painted in the following
steps: (1) the base metal of 2@Ycladal uminumalloywas anodized
after suhssenbly of parts’was completed, (2) all surfaces were
cleaned with alcoholio phosphoric acid in accordance with ArrqyAir
Forces T. O. lVo.01-lAl, (3) one thin coat of zi~hromate primer
ATMTAU556b was spray’edover all of the cleaned surfaces, and (4)
a single ooat of one of the three protective finishes was brushed
onto different spanwise sections.

Initial ground tests of the thermal system consisted of pe-
formance tests of the ejectm ndxing un$t, calibration of the wing

,

.

—. ——. —— — --- . . .=— — ._. .—. -.—.—. ..— _ .- .--—. . .
..’.



—

6 lWCA ~~0. 1791

pressure orifices, and adjustment of the flow rates in each spaniise
duct.

FlightTests -

The first series of flight tests was made in clear air at
design conditions to check the calculated surface temperatures and
mtrture flow rates. The results of a t~lcal flight are presented
in table II. Measured surfac-temperature rises above ambientiir
te~rature were not in good agreement with the analysis. This was
attributed partly to the difference between theoretical and actual
mixture temperatures at the entry to the wing ducts and somewhat to
the difference between theoretical and extual flow rates. Ih spite
of the yoor agreemmt obtained, the range of temperatures and flow
rates measured were considered satisfactory for the service tests
to detemdne the corrosive effect of the mixture.

Since the degree of corrosionto be anticipated would he
dtiectly propcmtional to the amount of mixture condensation, the
relation of the mtrture dew point to the temperature of the adjaoent
smfaces was mnsldered to be an important factor in the tivestig&
tion. The dew points calculated from the indications of the wet-
and dry+ulb thermmmters varied from 760to 106O F over the
altitude range of 1,000 to 10,000 feet. These values are In agree-
ment with a computed value (see appendix for JMthod of computation)
of 90° F based on engine operation data, and mixhre flow rates and
temperatures obtained during flight at design conditions. These
calculated and observed dew-~oint temperatures are above the lower
range of surfaoe temperatures of 600 to 800 F, (referenoes 1, 2, 3,
4, and 10), usually associated with heated wings during icing c-
editions. During the flight tests, however, surface temperatures
below the mldure dew point could not be obtained with the available
cloud conditions, hence the decision was tie to complete the corro-
sion tests on the ground. ,

A total of 45 hours and 12 minutes of flight time with the
mixture supplied to the wing was accumulated before the termination
of the flight tests= Inspection of the leading+edge skin and pan
seotion revealed a sooty deposit in the duct regions, but no visu&L
indication of corrosion. .

&ound

The right wing complete with

Tests

instrumentationwas removed from

.—---- —--- —.= . . . ...;, -—.—. ...,.. .,., .- ,,,’. . .
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the airplane and tnstalled near an engine test stand as shown in
figure 6. Exhaustgaswas supplied by an aircraft engine identical
to those on the test airplane, ed air was supplied by a blower
providing ram+ir pressures equivalent to the flight values. A water
spray maintained the lead~-edg=urf ace temperatures near 65° F.
Data from a typical ground test are presented in table III. The dew-
point temperature of the m&tme for this test was calculated to be
75° F, and this value was verified through measurements with dry.
and we&bulb thermometers. For most of the ground tests the measured
de-point temperatures rsaged fim 68° to ~ F.

Duration of each test oonduoted with the wing heated by the
exlunzs~fr mixture was 1‘to 3 hours on every other day to
ehulate the intermltteti We that would be experienced under normal
flight operations and icing encounters. After a test the wing was
not purged, and the residual &haust gases and condensate were
allowed to rennin within the ducts. Since a major inspection of -
operational airoraft is usually required at least every 1000 hours
of flight time, and since icing Is nornd.ly encountered less than
10 percent of the total flight time, 100 hours of ground testing
were considered to satisfactorilyrepresent the maximum period between
inspections. The ground tests oovered a total time of 9 months.

Inspections of the inside of the wing ducts were made after 25,
50, 75, and 100 hours of heat-ing operation at the engine test
stand. No corrosion of any significance was observed during the 2>,
50-, and pour inspections. After the completion of the tests
(100 hours), a few spots fndioating possible corrosive attack were
deteoted on the outer skin. An exceptional comentration of these
spots is shown in figure 7. no spots were detected on the pan
seotion, which is consistent with the fact that the ~ection
temperatures were above the dew=point temperature of the mixture.

Micr~nations

Representative specimenE of the wing metal exposed to the
mlxtwe were selected primarily from locations in the leading-edge
sk?.nof the right wing, as shown in figure 3 and defined in table IV.
The samples were chosen to inolude any region where a small splotoh
of oorrosion was detected with a surface microscope. To be sure
that there was no hidden corrosion in the pm section, one sample
of the pan Mcin and a oross section of one of the Zsections were
selected. The samples were out out of the leadi~ge skin and
pan sections and sent to the T?ationalBureau of Standards in the.
sizes shown in figure 8. Regions marked on the spec~na with white

,.
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lines are the locations of the sections removed by the Bureau for
detailed microscopic and metallurgical examination. Specimens 13
through 17 were taken from three alwdnum strips (partly painted in
the same manner as the test wing and partly bare, as shown i.n
table IV) which were attaohed to the lead=ge skin during ground
test-stand operations. Specimen 13 was plain 24SJ?aluminum ~oy
,andwas not aluminum clad or painted, hence should give an indication .
of the corrosion to be e~ected in a completely unprotected aluminum
Woy wing.

,
DISCUSSION

Microscopic exeminati.onsdisclosed that the aluminum clad layer
over the 24E?Taluminumalloy of the wing structure had not been
completely penetrated in any case by ‘corrosiveattack. The degree
of penetration at a visible 1./l6-inch+liametersplotch on specimen 4
removed from the leading+dge sti of duct ~ at station 162 is shown
in figure 9(a). Alout half the thiclmess of the clad layer was
removed by corrosive attack which was more severe than that on any
other specimen except U, 13, 16, and M.

Diffusion of the’core material into the clad layer (caused by
merheating) occurred in all specimens from 7 to 20, inclusive,
except 13 w~ch was not clad. A typical example of this diffusion
is shown in figure 9(b),andaccording to the I’?ationalBureau of
Standards,” . . . could have resulted from either or %oth of two
causes; (1) overheating of the mterial prior to its asseti.lyin
the wing sldn, or (2) overheating of t%e wing by the hot exhaust
gases.” The locations of specimens 7 to 20 were all in one of the
_&u sheets of material used to fabricate the leadi~dge skin anti
were part of the outboaz% section. Inasmuch as the outboard portion
of the ting during flight tests was never at higher temperatures
than the inboerd section, and the ground,tests were conducted.at
low tempera-es, it is apparent that overheating of the outboard
section occ~ed during nuumfacture or fabrication.

Specimen 11 was taken from the preciously mentioned overheateti
section of the skin where the corrosion splotches were the most
evident and concentrated. The corrosive attack was more severe than
on spec~n 4 and had penetrated to the diffusion zone, yet had not
reachud the core material. Both specimens were protected by only
the one coat of zinc-chromate primer.

A magnified cross section of
which iS dSO t~icd Of spots of
and 18. The corrosion splotch in

spec-n H is shown in figure 9(0), I
corrosive attack in specimens 16 .

specimen 1$ was unexpected, since

.
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the initial visual inspection indicated that the organic finish was
completely intact with its original.gloss. Although care was exer-
cised during fabrication to use only unblemished ~terialj this one .
spot of oarrosion could have been in the sheet of metal prior to the
application of the protective finish. The efficacy of e~a coats
of zinc+hromte paint or of the corrosio~resistant organic finishes
was indicated by visual maor=xaminations and verified by the micro-
examinations of specimens 19 and 20. The clad layer on these
specimens had been completely gouged out in the region of rive..gun
scars, yet there was no evidence of corrosion of the core material
at the bottom of the scars.

Figure 9(d) illustrates the intergranular corrosion which would
have occurred if bare 24SI alumhnmalloyhad been used in the wing
ducts or if the rivet scars of specimens 19 and 20 had not been
painted over with zi~hromate paint or other Potective finishes.
This ~orrosion was located at the bottomof a pit in specimen 13
(a.strip of bare 24S2 aluminum alloy attached to the inner surface
of the lead~dge skin during the 100 hours of ground testing).

There were no cases of corrosive attack on any of the specimens .
removed from either the test wing or strips attached to the wing
which the I?ationalBureau of Standards would classify as structurally
serious with mrked decrease in the stiength of the material.

The ap@icability of the results presented in this report to
the predictionof corrosion tendencies of a heated wing utilizing a
mixture of air and the exlumst gases froma turbine-tyye airpleme
engine would depend upon the similarity between the products of
combustion of turbine-engine and reciprocatin~ngine fuels, and the
percent of dilution of the exhaust gases of each tith air. The
corrosive acids formed in the condensate from the products of
combustion of petroleum hydrocarbons are P-X comPo@ of,
sulphur and bromine derived from impurities in the fuel. The speci-
fications listedby the military services for jet fuel E’-l,
AKL32a (kerosene) Limit the impurities to mlues closely comparable
with reciprocating engine gasoline, ATK@@a, except for the sulphur
content. The sulphur content in gasoline must not exceed O.@ percent
by weight compered with a maximum allowable 0.20 percent by weight in
kerosene. This would indicate a corrosive potential for the kerosene,
yer pouud of fuel, four times greater than for gasoline, but since
jet engines operate at fue~ir ratios of appro~tely one-third
to on-tenth the values for reciprocating engines, the corrosive
potential, per pound of e-ust gas, should be of the same order of
magnitude for aviation gasoline amd kerosene.

.
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CONCLUSIONS ,

AE a result of flight and ground teste of an exhaust-ga+a~
mixture wing thermal Ice-prevention system certain conclusions can
be stated. These conclusions are only directly applicable to systems
geontiically similar to that tested and for the same conditions of
opration; however, they ~ be extended with discretion to provide
an hlication of the corrosive possibilities for conditions other
than those tested.

1. The extent of corrosive action in the single-pass spanwis~
flow system was not structurally serious after 100 hours of exposure
to the exhawt-ga~ir mixture, even for unprotected 24~ aluminum
alloy.

2. Indications of corrosive action after 100 hours of operation
of such a system in the cases where 24SI aluminum alloy, clad 24ST
aluminum dloyi or clad 24ST aluminum alloy plus one coat of zinc-
chromate pr~r comprise the le~dge structure, My require the
replacement of portions of the lead~dge structure at that time.

3* Coating of the leading+dge titerior with any of the three
~otective organic paints over a coat of zi~hromate pr~ wilJ
extend the service life of the structure beyond 100 hours of exposure
to an exhaus~fi mixture.

Ames Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

~ffett Field, Callf.

cAIcmoN OF IIEw?om’rmmmATum OF hnx!mlm

The conditions selected for this sample calculation were from
a typical test flight which duplicated the design flight conditions.
Exhaust gas from two cylinders of the engine, burning 100/130 octane
aeronautical fuel M<8, was used in the mixtng unit to provide the
exhaus~s+ir mixture for the spanwis-f low wing.

I
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En@ne data.-

Revolutions yer minute.. . . . . . . . . . . . . . 1800 rpm

Mmifold pressure. . . . . . . . . . . . . . ...22 in. Hg

Brake horsepower . . . . . . . . . . . . . . . . . ..300hp

En@edisplacement... ... . . . . . . . . ..985 cu in.

Fuelconauqption. . . . . . . . . . . . . . . 0.47 lb/bhp-hr

Flight data.-

Pressure altitude. . . . . . . . . . . . . . . . ..5000ft

Indicated airspeed . . . . . . . . . . . . . . . . . 150 mph

Ambienklr temperature.. . . . . . . . . . . . . . . 63° F

Fuel-flow rate, two cylinders.-

300 x 0.47 x 2/9= 31.35 1P fuel/hr

-flow rate to engine.–
985 cubic inches or 0.57 cubic
of the engine. Estimating the
be 85 percent, the weight rate

The complete engine displacement of
foot oocurs for every two revolutions
volumetric efficiency of the engine to
of air flow to the engine equals:

0.57(3Uft 60 min lb
x1800=x — X 0.0765—

2 rev. min hr Cu ft

22 in. JIg
x x 0.85 = 14711b air/hr
29.92 h. Hg

-flow rate. two cYlinders.-

1471x 2/9= 327 lb air/hr

Ex.haus*s flowrate, two cylinders.-

Aikflow rate plus

fuel weight rate: 327 -I-31 = 358 lb exhaust gas/hr

. . ——- ..- .-— . . . -. —-..— - .— —._.—. .—....-. - ,,
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Xauation for camplete oonknzstionof octane fuel (referenceXl.).- ,

(Octm is an

C8%8

Relatiw

Ilk

average hydrocarlmn fi gasoline.)

+ 12.5 02

weights:

+ 400

Weight/lb of fuel:

1 + 3.51

+ k7.ZIN2= ~0 + 8 C02+ 47.2IT2

+ 1322 = 162 + 352 -+ 1322

+ 11.6 = 1.42+ 3.o9+ 31.6

note : Resulting water = 1.42 lb ~0/11 fuel

lMIELuEt+zas—a~ure flow rate.-

1662lb/hrfromtest data.

Water in mixture from codnmtion.-

~wll+o lb fuel
● — x 31.35—

lb fuel hr

XL hr = 0.02675lb
1662lb midame

.

,

water/lb mixture

Percentage of mixture weight derived from fresh air supply.–

1662-358 ~ 100. 78.47~Cent ~
1662

Water in mixtme from fresh air supply.- (Datafrom stem

tables of reference M.)

specific VOlume of valor at 63°F, Y = 1091.4 ou ft/lb

Assuming a relative htidity of 70 peroent, the spec~ic weight

of the vayor 7V = 0.70 x ~ = 0.000641 lb/CU ft
1091.4

4

●
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I%esmre of the mixture

1%.rtialpressure of the,

Fartiti Pressure of the

13

at ~000 feet, ~ = 12.21 Lb/sq in.

vapor at 63°F, Pv = 0.285MI/Sq w

air, Pa”P= - Pv = U. 925 lb/flqin. -

Specific weight af the air,

Pa 1-1.g25x144
7a=~= 0.0616lb/uu ft

a ?3.3x523 =

@3Cifi0 humidity = & =
0.000641 = 0.01041lb‘br

7~ 0.0616 lb dryatr

Therefore the water in the mixture from @e fresh air supply

is equal to 0.01041 x O.~47 = 0.00817 lb water/lb mixture.

Total water in mi*.- Smmtlon of the water contiined in

the exhaust gas and the walar from the ‘freshair supply is equal.to

0.02675+ 0.00817= 0.03492lb water/lbmixture.

comQosition of the eXhaut3tRae-air IIIi* W Volum ,- one lb

of mixture contiined 0.0349 lb wuter va~ and 0.9651lb drygases,

Fuelburnedpr poundofmixtures = = 0.01886 lb fuel/lb
1662

mixture. ‘

Composition of gaaes by weight “=s determined from the uonib~

tion equation assuming co~lete uonitnmtion:

~ Cfi8 + 12.502 + 47.2 R2 = ~0 + &02 + 47.212

Weight/lb cd?fuel:

1 + 3.51 + SL.6 = 1.42 + 3.09 + u.6

Weight/lb & mixture:

0.01886 + 0.0662 + o.02189 = 0.0268 + 0.0583 + 0.2189
●
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Theweightof oxygenandnitrogenperpmnd

thefreshair supply is 0.g651 -0.0583- 0.%u89

NACATN No. 1791

of mixturefrom

= 0.6879lb.

Inasmch as the composition of air by weight is approximtel.y 23.1

percent 02 and 76.9 Tercent Ii2,there was 0.6879x 0.231 = 0.1589

lb 02 and 0.6879x0.769= 0.529lb I?2.Totalnitrogen

+ 0.529= 0.7479111N2. The compositionaf the dxture

was mnverted to percentages by volume in the following

(reference11) :

~

Weight
(lb)

3
Percent

llyweight

&
Moleculxlr
weight

0.7479

.1589

.0583

.0349

74.79

15.89

5.83

3.49

28

32

44

18.016

2

2.67

● 4963

.1323

.1937

1.0000 100.00 3.4923

= 0.2189

by weight

namer

6

76.45

14.21

3.79

5.55

100.00

DSW+X3in-ttemeraImre of the mixture.- The partial ~essure

of the water vapor is the pressure of the mixtme times the percentage

& water vqor present in the mixture. The total pressure of the “

mixture in the wing varied frm 12.2 to 12.7 1% per sq in., so the

saturatim a df3w-Tointtempmtures corresponding to thy -ial

pressure of the water vapor varied as shown in the folluwing table:

. . ..—__— _\. __ —--——..— . ..._r
. ..’. . . . ..-, - =: ,-, -,. . . . .. ,.’



NACATI? NO. 1791 .

●

Water l?artial~essure Dew-point
pressure peroen$ water vapor

(1%/i3qin.)
temperature

by volume (lb/f3qIn.) (%)

12.2 5.55 0.677 89

15

. 12.7 5*55 ● 705 90.3

1. Neel, CamB., Jr., ad Jones, Alun R. : Flight Tests of Thermal
Ic&Prevmtion Equipment in the XB-24F Airplane. NACA MR,
Clot. 1943.

2. Schemer, Richard: Flighi Tests of Thermal Ic&Prevention
Equipment on a Lookheed l%A Airplane. NACA ARR No. 3KL0, 1943.

3. Look,BonneC.: FlightTestsof theThermalIc~Prewntion
Equipmenton theB-17FAirplane.NACAARRNo. &102,1944.

k. Selna, James, Ieel, Carr B., Jr., ~d Zeiller, Iewis E. :
An investigation at a ThermsJ.Ice-I%eventicm System for a”
&46 cargo Airplane. IV - Results of Flight Tests in Drg-
Air and IVaturalIcing Conditions. ~CA ARR No. 5A03c, 1945.

5. Hezris,Maxwell,andSchlaff,BernardA.: An Investigationof
a ThermalIue-PreventionSystemfora CargoAirpke. VIII—
MetallurgicalExeminathnof theWingLeadin&lMgeStruotwe
After225Hoursof FlightOperationof theThermalSystem.
lUCATN NO. 1235, 1947.

6. lVeel,Cm B., Jr., Bergrun, Normn R., J&off, Ihvid, and
Schlaff, Bernard A. : The Calculation of the Heat Required
for Wfng Thermal Ioe I&mention in Specfiied Icing Conditions.
NACA ~ NO. 1472, 1947.

7. Reel,CarrB., Jr.: An ~vestigation of a Thermal Ice Prevention
Systemfora @l-6CargoAir@ane. I - -is Of theThermil
Design for Wings, l@mnage, and Windshield. WA ARR Io.’5A03,
1945. ,

1 Ta~le I & ~f ere~e >2.

*
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8.

9.

10.

u.

12.

Bcmlter, L. M. K., ~os~, L. M., wtw~~ R. C.> W
Morrin, E. H.: An fivestigation of Aircraft HBaters.
KxJx - Comparison of Several Methods of Calculating Heat
~sses from tioiD. Hversity of Califormla. NACA
m No. 1453, 1947.

Drexel, Roger E., sad McAdams, WiIliam H.: Heat-Tremsfer
Coefficients for Air Flowing in Round Tubes, in Rectangular
Ducts, end Around Finned Cylinders. lWCAARR no. 4F28~ 1945.

Rciiert,Lewis A., Clousing, Lamence A., and McAvoy, WilliamH.:
Recent Flight Research on Ioe Prevention. NM2AA.RR, Jan.19k2.

Faires, Virgil M.: Applied ‘lhermodynamios.MacMillan Co., 1941,
pp.153 -165 ~d 331 –351.

Keenan, Joseph H., ~d Keyes, ~tirfckG.: Thermo-a l?rop-
erties of Steam (including data for the liquid and solid
phases). John Wiley and Sons, ho., 1936.

●

b

●
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Duct wing
f

Cross- Surfaoe Mixture” Mixture
desi~ f3tationL sectional .temperature

Y
erature flow rate2

nation= area (J3qin.) rise (%?) %) (h/h)

1 132 2.62 300 200
1 204 1.85 104 215 200
1 276 .% 98 166 200

2 132 :.$ 104 300 235
2 204 104 238 235
2 276 1:4 113 3.96 235

3 132 6.32 “ 93 “ 300 765
3 204 4.67 268

z
765

3 276 3*5 204 765

4 132
4

3.73 105 300 24o
204 2.33 - 100 231 24o

4 276 1.2 132 191 24o

5 132 2.5 140 300 90
204 l.~ 107 208 90

; 276 .96 99 155 90

=@ S=’
1
See figure 2.

2
Resultant total mixture flow rate, 1530 pounti ler hour.

Seleoted conditims for &sign calculation:
Free-air temperature Oo F
Altltua.e 5000 ft
True airspeed 170 mph

.

.- ——. —-. ——.—___._ ..-— ... - ——-, .—— ——— .. . . ...—
... . . .



18 I?ACATN NO. 1791

TABIEII.- SuRFACE-~RlElE3, MIXTURE ~. ‘

Duct W* Surface Mixture ‘Mirtmre
aesi~ station temperature

~Y
erature flow rata1

nation rtie (OF) OF) (lb/hr)

1 136 95 346 188
1 200 233
1 272 G M30 %

Q

2 L36 105 399 225
2 200 g 292 225
2 272 225 225

3 136 160 403 880
200 llg 347

: 272 296 %

4 136 152 347 269
4 200 100 -- 269
4 272 102 223 269

5 136 l@ 275 100
200 191 100

; 276 z 157 100

.

might Oonaitiom :

-e-air temperature63°F
Altitude 5000ft
Trueairsyeea 166mph

.

.

,. :. ..-= .-...-:.:,-.:-. .— .,--- . ...!- ----- . ...— —- _..

---- . ... . . .,,-.
,.:,. . ,. ,: -.. -—

., ,,, ,,.’
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lXIRIN3A TYPKXLGRODliDTE3T

,

II Duct wing
aesl~ station
nation

Surface
temper-
atnrel
(f@)

1 136
1 200 g
1 272 52

2 136 63
2 200 .“ 61
2 272 63

3 I 136
3 200
3 272

+

4 136
4 200
4 272

5’ 136
5 200
5 272

67
%
77

73
59
63

.
‘ Surface ‘temperature are average

readinge frm several therm-
ocouples.

Total mixture flow rate,
1490lb/hr

Calculateddew=po.inttempefi
atureofmixture,~“ F

.
. —.. .— --—. .. . .. . .. . . . .-. .—— .. . . .. ...

,-. .,. ,., . ,-
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RACA ~.~0. 1791

TABLE IV.-SI?ECIMP3S SIILEO!T!EQI’ORME!CALL?JRGICML
ImAMmAmon FROMEsHARB~ WmG

Spec- Wing Duct Material Pain# Total
imenx station heat time

1 140 3 0.064A?lmiized:ZlllOamate Flightthe,
Clad2#T ‘andRdnt A 451r12min
.AluminlmAu.oy !w3t Eland,

100hr

2 147 3 Do. ‘zinc-C&amat9 Do.

3 155 3 Do. zino-c?hroiuatem.
.andPaintB

4 162 3 Do. Zino-cllromate Do.

5 169 3 Do. ~Zinc-Chrcunate Do.
‘-and Paint C

6 la 2 0.032 Anodized.Zino+hromate Do.
clad 24ST
Aluminum AXloy

7 200 1 0.06k Anoddzed. Do. Do.
Clad 2=
.AlllminumAU.oy”

8 200 2 Do. Do. m.

9 200 3 “ ~. Do. Do.

10 200 4 Do. Do. Do.

U 200 5 Do. I&. Do.
,

.

.

.

.

1 Seefigure 3. “

2 Seepage5.

.

.

.

,., ,- -—,. ,-”..;..” . . --
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TABLE Iv.- COlfcm.

.

LSpecblen

U!

138

14Q
1,

158

16$

)

1~

1

la

?
19

20

t

IIwing Duet Material

I

Painte

I

Total
station heat time

242

IL

3 0.020 24ST Imot ~inted

I

Test stand,
uuchnmlAlloy 100 hr

I I 1 f

I Do. Da. m.
1 J

Do. zinc-chromate Do.

259

IIJQ
3 &0~21x#&ed

UmlnmllAuq

H266 3 Do.

= see f@?re 3,
/.

z Bee pge 5.

s These are qeui.nms
leawlg-cage skin

Zino-chromate I Do.
and.Pdnt A

I
ZimMhromate Flighttlmq ,

and -tit B k5tium
TartUtand,
100hr

, I

from three metalstripsatk%ohedto
d- grouud.testOperations.

P

.
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Flow of gas-air mix is sponAe E
*

in five separate ducts formed

!3

~
●

P

2
P

-
P/on v;ew

Right wing

Figure 2.- Design details of the spanwlse -flow exhaust-gtis-ahmi xture wing,
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Finishes A, & ond C were coated over

the prime coot of zinc chromate

Paint see Poffe 5 Of fe ,i

m
0)

#7_6

z“
Specim.m 1~ [~ 1~ 1~ and 17 were
n. AJ-l... _.-, ::;:Ps attoched to rbe skin,

see tuble Z Other specimens

were part of the skin metol, anodized

,064”24 ST clad aluminum alio~

Specimen 6 wos token from the

Ieodlng edge Duo at stution /84, und

specjmen /2 wos token from w

Z-section stringer of the pan at

station 7 n 6

w
g

f7gure 3,-
i/nner surface of fhe /eodin~dge skin of the exhausf-gos-alr-mix fure w/rig showing pointed sect/ins

~and location of spechens taken for micro -exominafion

.

s

. .
. .
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Figure ~.- Leadl-dge pm of exhaust+jae—afr—m&b me wing.
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Figure 6.– Instollotion for ground tests of exhaust-gas- air-mixture whg.
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(a) SpOolmens 01 to 9.

Figure 8.- Spoimns seleoted for rretdlurgioal. exembatlon from the exhaust+gi5airwdxkw w-.
i%ot Ions idioated by white lines were examined mlorosooploally by the i’Vat~onal Bureau of StaMar&.
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I (a)
.

Cross section through l/l&
inckikmeter splotch on
specimen 4. About half the
thiclmesa of the clad layer
was removed by corroeive-
attaok. Magnification, 10UX.

o

(c) Cross ser3tionof s~ecimenll
showing corrosive attack had
~enetrated to the diffusion
layer. Tyyical of attack on
S@ ChMI1.S11, 16, 18.
Magnification, 10~.

.

.

(b) Cross section of speci&n 7
showing diffusion of core
material into clad layer.
Typical.of U syeclmens
from 7 to 20 except 13.
@@-fication, 20QX.

(d) !t’raoeof intergranuler cor-
rosion at the bottom of a
pit in specimen 13, bare
24sr, aluminum
Magnification,

alloy .
500X.

=5=
A-12742

Figure 9.– Tgpical photographs by the I’JationalBureauof Standards of
polished and etched eections.t~en from the exhaus~a~~mlxture
wing. Etchant: aqueous solution contining 2.5 percent HI?03,
1.5 percent HCl,and 0.5 percent HF.

.
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